i3

-

Ay v

P -
.

———

TECHNICAL MEMORANDUMS

NATIONAL ADVISORY COMUITTEE FOR AERONAUTICS

No . 849

RATE-OF-CLIMB RECORDER

By Helmut Danlelsgig

Iuftwlesen
Vol. 4, No. 5, May 1937

Washington
Fobru~ry 1938



Iﬂllllllﬁlﬁﬂllllllﬂl

31176

_'FATIONAL ADVISORY GOHHITTEE FOR AERONAUTICS

- -

TECHNIOCAL MEMORANDUM NO., 849

RATE-OF-CLIMB RECORDER™*

By Helmut Danielzlg
SUMMARY

Investigations carriled out with this rete—~of-climbd
recorder nroved 1t to be a practical instrument for the
accurate recording of static-pressure differences. It
can be used for stationary and nonstatlonary measurements.
A heat~lnsulated glass flask of 4,000-cudblc-centimeter
content has proved practical as compensating tank.

The chlef advantage of the lnstrument liles 1ln the de~
gree of accuracy obtalnable with suitably flexible capsule
(dynamic pressure recorder with small test range) and in
its sensitivity for recording static-pressure changes.

In contrast to the measurements in which the vertical
specds were determined from the readings of a recording
altimeter with o test range of 1,500 meters at the most,

the flight measurements can now be executed at any alti-
tude.

For all flight measurements, provision should be made
for r. time lapse of ~ 25 peconds between the.closlng of
the compensating cock and the actual start of recording in
order to bring the flow in the compensating bottle and in
the lines to'a state of complete rest.

From the appended error calculation, it is seen that
no correction of the obtalned date, as a result of the
pPressure change in the compensating vessel relative to sea-
level pressure at which 1t is calibrated, le necessary for
helghts below 1,000 meters, where at a maximum outside
pressure change of as high as 125 millimeters WS, the error
1s less than 1 percent.

4

o .
"Stelg- und Sinkgeschwindlgkeitsschreiber." ILuftwiassen,
vol. 4, no. 5, May 1937, pp. 153~157.
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- I. INTRODUCTION

The flight performances of an alrplane are workod up
from clinbing and sinking speed measurements. For the de-~
ternlnation of theme apeods, three principal methods were
heretoforo avallabdle:

~a) The photographic method;
T) Rate-of-climb indicator reading;

c) Direct interpretation of tho vertical
speed from the helght rocord.

The question of omploying =ny one of the three meth-
ods must be declded according to the problem under con-
sldoration. The firgt method 1s rarely used because of
its comparatively inferior accuracy end time~consuming
eveluatlion., If it concerans more comprehensive measure-
ments whore, for example, several indicating airplane in-
struments ore read or filmed, a rato—-of-climd 1indicator 1s
satlsfactory. But, 1f the time element of some of the re-—
cording quantities 1s involved, the rato-~-of-climdb indlica-
tor is ruled out becnuse of its fundamentally limitod in-
ertia.

So, of the three mothods, the last one romaeins as the
most practical for fundamental investigations, slnce for
research purvoses recording instruments are prominently
used and the course of the vertical speed can, moreover,
be obscrved for longer perlods. Aslde from that, the lag
of tho recording altimeter (so far as optical recording
affordod with the Askanlia quadruvle recorder or the DVL
dual recorder is employved) 1s practically nonexistent, be-
cause 1ln these lnstruments the mechanical frictlion 1s re-—
duced to nn almost irreducible minimum, and the static
casing ns lag-promoting space, 1s kcpt as small as possl-
ble. But even this typo of speed of cllimb and descent
evaluatlon is afflicted wlth vorious sources of error.

One chlef source of error liss in the type of test method;
the vertical speed of the alrplane relative to the ground
1s measured, whereas what 1s dosircd is simply the speocd
relative to tho surrounding air. The ensulng error can

be kopt gmall by confining the flight tests to calm weath-
er. Anothor sourco of error follows from the 1naccuracy
of record interpretntion. The recording altimeter custom-
erily usod 1n such flight tests, hns a range of approxi-
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matoly 1,500 meters, with a 90-millimeter recording height.
The recording periods range from 10 to 16 seconds. Assun~
ing o speod of climb of 3 meters per second, the height of
the record in the calibration curve which corresponds to
tho spced of climb for a lO-second interval, amounts to:

.10 X 2,0 X 90 . 3.8 mm
1500

It is readily seen that this low height of recording
can cause very mserlous errors in the interpretation. If,
for reasons of psafety, as in spinning lnvestigations, for
exanple, the helght 1g substantially lincreased, the inter—
Protetion 1lg altogether impossible unless the records are
photographically snlarged.

Hereinafter follows the description of an instrumen-
tal arrangement which enablesg the reduction of the de-
scrlbed interpretation error to a minimum through arbl-
trary transmlisslon of the height record.

Il. DESCRIPTION AWD HOOXK-UP OF INSTRUMENT

The instrument (fig. 1) comprises an optical DVL dual
recorder vhich (aside from the helght capsule) 1s filtted
wlth a differential pressure capsule instead of the usual
dynamic pressure capsule. The choscn test range_of %125
milliretcrs WS, apvears to moet the presgsure differences
encountered in service. 4 4,000 cublc centlmeter compen~
sating flask ig fitted on the capsule side of the recorder.
The stetlc casing of the instruments joins the static lead
of the pitot tube in the usual manner. A compensating
cock pernlts connectlion at any time of the compensating
flask with the static circult to assure pressure balance.
At start of recording the compensating cock 1s closed,
trapping 2 certain amount of ailr in the pressure capsule
and in the compensating flask. 4s the airplane climbs or
desconds, the outslde prerssure changes relatively to the
practlcally constant pressure in tho compoensating flask.

The pressure 1s recnrded by the pressure~difference
recorder and constitutes a criterion for the obtalned ver-
tical speods. For the previously ciltod capsulo with *125
millimeters test range (corresmonding ronding, %45 milll-
motors), a 3-meter-por-second vertical speed 2nd a lO-soc-
ond rocordlng pariod corroaponds to & reading of
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QX3X1.3 ¥9_Q_14mn
250

With a corrospondingly more flexlble capsule, stlill higher
readings arc obtainable wlithout difficulty, although the
enpeule described anbove has proved very reliable for the
uvsual polar measurements, according to the tests.

Betwecen the closing of tho compensatlng cock and the
start of the actual measurcment, an interval of ~ 30 sec-
‘onds should elapse to permit the alr in the compensating
bottle ~nd in the pipes to become perfectly still., During
this interval, level flight should be maintained to avold
logs of height recording.

Observance of the pressure 1s insured through a lig-
uld manometer hooked up, parallel with the pressure cap-
sulo, To avoild overstressing 1n the capsule dlaphragm,
tho liquld manometer is fitted with electric contacts
which, on exceceding & certain pressure, are bridged over
by the water column made conductive by a slight addition
of acid ond flash a pilot light. Then the compensating
cock must be opened immediately (fig. 2).

The compensating flask is o thermos bottle of 4,000~
cublc-centimeter content, packed 1n thick sponge.rudbber,
The instrument 1s calibrated after its installation in.the
elrplene., From the calculation which follows, it is seen
that the indiceting errors caused by callibration at sea-
level nressure, are relatively insignificant end negligl-
bly smell up to 1,000 meters altitude.

As to the calibration itself, 1t should be borne in
mind thnt the compensating cock should be opened after each
teat point in order to prevent a gradual minor temperature
change cnd consequently, erroneous pressure in the compen-
sating flesk as a result of volume change iIn the metering
box durlng callibration nnd with 1t an adiabatic change of
state., In fact, the calibration with permanently closed
compensating cock 1s accompanied by a slight shift of the
neutral line.

For these reasons 1t is advised not to have the com-
ponsating volume loss than 4,000 cublc contimetors.
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III., RESULTS OF XEASUREHENTS

Tho ‘described instrument wns mountod -in an Albatros
L 75 nnd tested in a sories of full-throttle and power-off
flights, . In conjunction with it, an optical DVL dunl ro-
corddr for altltude snd dynamie prossuro was used for con-
pnrligon. The sinking specds wore ovaluanted wilth the new
ingtrument ond for tho same dynamic pressures also, accord-~
ing to tho conventional nethod through Aifferoentiation of
the holgzht record. All records were synchronlized by means
of time narks wlth o Wetzer contact clock.

Tho starting of tho ontire sot-up using 6 V was ac-
conplishod wlith a naster switch from the observer'!s seat.

The evaluation of the vertical speed w, according
to the record of the new instrument, followe: If Apa

denotes the obtained alr-pressure difference, YL the
mecn ailr denslity, and At +the recording period in seconds,
the relation

& (m/sa) (1)

=l

1
v Yf
(Apa in mm WS)
agﬁinat the wvertlcal specd from the altitude reading:

w = lgig 22 {m/s) : (2)

(Apa in mm Hg)

The vallidlty of both relations rests on the assumption

dp
that 2a does not change throughout the recording perlod
(~ 12" goconds). Obviously, this assumption in nowise stip-
ulates & rectllilinear course: of the - record liself, because
1tc characteristlc 1s largely dcpendent upon the form of
tho calibration curve (fige. 12). The smaller the compen-
sating flapk, the flatter the curve will be, because dur-
ing the callbratlion the doflected capsule volume causes
an appreclable pressure rige in the compensating flask.
To illugstrato: For o l=liter thormos bottle as componsat-
ing flask, the pressure rise -~ with the pressure-dlffor-
enco capsule usod in these tests - would already amount. to
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l,8 om Hg=R4.4mm WS for an outside pressure change of 10
mm Hg, occcording to flgure 6. Thils, however, mocans that
part of tho lncreased evaluantlon accuracy achleved with

the now instrument would bo lost again through the then
much flatter cellbration curve. The check on tho comnstancy

do . .
of EEQ follows from the dynamlc pressure record; l.e.,

the dynemic prossure must manifest no change durlng tho
recording period. If this is not the cnse, the differon-

Ap

tinl quoticent substitutes for EEQ at tho particular point.

Flguro 3 shows varilous records of speed of climdb and
descont with the Albatros L 75, along with the vertlcal
specde obtelined by the other two methods for comparisons
From tho outer boundary curve one can sec that the width
of the error band representing the rate of c¢llimb and de-
scent ls much greater whon evaluated according to equation
(2) than with the new method (equation (1)).

Fisure 4 shows the record of the rate-of-climd record-
er together with the corresponding record of the altitude
recorder at ocgual dynamiec pressures.

The instrument is also practlcal for recording non-
statlonary flight movemoentas. But in order to assure sat-
isfactory results, the slow liquld column must be replaced
by somoc indicating member which 1is not responsive to accelw
erations, so as to provide adequate protectlion against
overprossures ln the recording capsule. In the final ver-
sion (fig. 2a) this overpressure- safeguard is in the form
of o statically cased-in pressure-difference capsule whilch,
by mecns of contacts, closes an slectric circult and
flashes o signal light as soon as the tost range of the re-
cording-orossure capsule in tho optical dual recorder 1is
approached.

Flgure 5 shows the stntic pressure for a dlsturbance
in eirplane equilibrium induced by a pull and subsequent
relense of the elevator (loangitudinal oscillation)., In
contrast to the flat oscilllation which corresponds to the
same motion of the airplane as record of the altitude re-
corder, 1t ls posslble to discern fine altitude fluctua-
tions on the curve of the new instrument and even to ef-
fect 2 differontiation of the curve.

Some supplementary tests were made in the -elevator of
the Borlin radlo tower, using o pressure-dilfference capsule
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-dg. ordinarily employed for dynamic pressure messurements.
Tho tost range amounted to- 260 millimeters WS (fig. 1b).
Since the elevator speed varied within wide limlts, the
check on the messurlng accuracy was conflined to an evalua-
tlon-of:the height.- The nominal height of 120.8 meters
was ascertained from. the instrument reading to within *0.8-
meter .accuracy;, or an error of munch less than 1 percent.

IV. CALCULATION OF ERROR
Notation (flg. 1) .
Py, Dressure in compensating flask (mm Hg)

- P,. atmospheric pressure (mm Hg)

Apa, atmospheric pressure change (positive
in climb, negative in glide) (mm Hg)

Py, Pressure change in compensating bottle
(positive in climb, negative in glide) (mm Hg)

Vy., volume of compensating bottle (em3)
AVi, change 1n volume due to deflectlion of
capsule - (em®)
a, factor of capsulo (cm®/mm Hg)
ApPys corrective torm : (mm WS)

) If the trapped alr is loft to 1tself for at least.
25 seconds, an isothermic change of stats may be assumed,
because after that, temperature changes from without or
through changes 1n volume, are practlically absent.

With tho above notation, we have:?

P, ¥y = (Pi - Api) (Vi + Avi) _(1)
hence
vy
tpy =2y (2 - Vi ¥ Avi) (2)

as chango of pressure in the compensating bottle, when the
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conponsating cock 1s closed and tho change in capsule vol-
ume and maroneter level 1s caused by a c¢hange 1n total
volume of- LAVy.

Assuniang that the pressure change lncreases 1n direct
proportion to the change in volume and that the pressure
on the capsule and menometer is (Apa - Api). we can
write

A V1 = & <APB - Api)

with a to be defined by test. The simplest way to do
thig 1a to f1i1l the capsule with say, alcohol, and load
the capsule with the highest occurring pressure differ-
ence. The overflowlng alcohol which can.be measured in a
calibreted rising tube connected to the capsule glves,
after dlvlislon by the pressure difference, the capsule
coefficient a. Written in equation (2), we have:

A [1 k1 (3)
P1 =P Vy + a (Ap, - Apyg) J
which, solved according to Api, glves
Vi + a (Apg + D3)
= %
a Py 28
/ V, + a (Ap_ + p, )\?
i “a 1 - .
~/ ( 28 ) Apa Py (4)

This equation (4), the minus sign being applicable herein,
can be simplifled by applying the approximate equation

Jixs 21%8;(s «1)

Denoting the summand Ji * & (8pg + P1) 1n equation
2a
(4) with b, gives:

Apy =b = Jb® =~ Ap, Dy

Ap, P4

Then, since ——:a

< 1, we can approximate
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' Ap_ P
a -1
A Py, = 'b_- b + 5D

which, after insertion of b, leaves:

V; + a (Ap, + py)

A_'91=

For thls formula, figure 6 giveos for a = 0,27
cw®/mm Hg, Dy = 760 mm Hg, Apg = 10 mm Hg, the courso

of Ap, = £(Vy). For the experimental instrument and 1ts

4,000-cublic-centimeter componsating volume, it means a
maximum cellbratable error of 0,49 mm Hg = 7 mm WS, It 1ig
not-advisnble to use loss than a 4,000-cublc-centimeter
volume, or the calibration curve willl bocome too flat.

For the same reason, =a should be kept as small as possi~
ble - l.0., the doflected capsule volume also should be
kept suitably low.

Forming the totrl differential of equation (5)

oAp dlAp
dApy = dp, 7;;1 + ddp, 525: (s)

the effects of the error can be appralsed.

The second summand comprising the change in inside
Pressure with the outside pressure cancels, since thils
share of the error 1s already incorporated in the call-
bration curve.

2Ap
Ingerting the value for _gff from egquation (5),

glves: for equation (6),

¥y + il

a
dApy = dpy = — (7)
<?1 + alp
— 2 4 pi)

a
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faa T

Since the function Ap, = f(p;) represents an unusu-
1 i

ally flat hyperbole, —l— Eegi can be looked upon as be-

ing constant within the 1limitg of the fllght mesasurements
concerned (O to 4,000 meters).

For the experimental ingtrument the value amounts to

Thie mnkes the corrective term, which must be sub-
tracted from Apa of the callbration curve, aftcr adding

finite quantities in equation (7):

-5
Appy = (p, = D) Bp, 6.2 X 10 (mm WS) (8)
_ Herein p, = ground pressure of calibration (mm Hg),
P, = Dressure at altltude of flight, and Ap, = outside

pressure change (in mm WS) obtained from the calibration
curve.

That Appy cen be neglected for the conditlons en-

countered in flight oporation, 1s seen from a numerical
examnle.

At 1,000 meters flying altitude, (p; - pg) 1is
~ 100 mn Hg. The maximum potentianl Apa ie¢ 125 mm WS,

which leaves:-
Appy = 100 x 125 x 6.2 107"

+*0.,77 mm WS

to be subtracted from Apa.

But if flight measurements nre maode at greater heights,
A correction with respect to equation (8) is absolutely
neceossary.

Transletion by J. Vanier,
Natlional Advicory Committee
for Aeronautics.
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Figure 5.~ Record of longitudinel
oscillation of airplane
yrvm— . } due to disturbance caused by
tirng cock 1 i alevator.
= R | (1) Record of recording altimeter.
aE: 0 (2) Record of rete of climb
) i recorder.
ullgn ' ‘ Figure 2.- Control
i panel

for operating rate
of climb recorder

‘ B ©igure 20.- Final version of instrument
Static pressure from with overpressure safeguard
“pitor tube (cased-in pressure difference capsule).

Jo pressure diFference recorder
To compénsating Flosk

Figufé 1b.~ Pressure reéofd in the elevator of the

Berlin radio tower going up to 120.8 m (396.3 ft.)
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Figure 4.~ Record of rate of climb recorder compared to
that of recording sltimeter for equal dynamic pressure.
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instruments.

- FMigure 3.- Determination of rate of

climb and descent for the

Albatros L75.

(1) Error band as interpreted from
altigraph record,

(2) Error vand as interpreted from
rate of climb recorder.
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Figure la.- Calibdbration curve from a calibration
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